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Three Hopi-Dart rockets were fired in February 1964, and during
February 1965 through June 1965 seventeen Cajun-Dart rockets were
fired to obtain wind flow data. These wind flow data are obtained by
radar tracking of Mylar chaff expelled from these rocket systems. An
altitude profile of the measured winds and a description of the two-stage
rocket-delivery systems are given,

In February 1964 the observed winds were westerly. In 1965 the
observed winds were westerly during February and March, changing to
easterly in late March and continuing through May, and reversing to
northwesterly in June. These data are presented graphically. ,é')

*Luke P. Gilchrist is associated with the Lockheed Corporation working
under Contract No. NAS 8-20082.
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SUMMARY

Wind data between 70 - 85 kilometers altitude at Cape Kennedy,
Florida, as determined from the Hopi-Dart and Cajun-Dart rocket
systems, are presented from February 1964 through June 1965. These
rocket systems deliver wind sensitive aluminized Mylar chaff which is
ejected above 90 kilometers. Wind flow data are obtained by tracking
the chaff, which is free to drift with the wind as it falls, by radar.

It is evident from this small amount of data that only a brief
summation can be made. Therefore, conclusions from these data
should be handled cautiously by the user. Data obtained in 1964 were
from the Hopi-Dart system, and data obtained in 1965 were from the
Cajun-Dart system.

I. INTRODUCTION

The firing of large space vehicles at Cape Kennedy, Florida, has
increased the demand for more accurate and detailed wind information
to ever higher altitudes. As a space vehicle rises through the atmos-
phere, it is subjected to the variations of the wind conditions. These
variations of the wind conditions may excite the rigid and elastic body
dynamic characteristics of the vehicle during flight. Wind data are needed
from ground level through stage separation altitude in the upper atmosphere
for the optimum in space vehicle design and operation. Very few observa-
tions have been made above 70 kilometers altitude, and the accuracy of
the limited data available is open to question [ 1]. Thus, efforts to obtain
a larger and reliable data sample for analysis are required to provide
adequate design information. The importance of small rockets lies in
their ability to probe a region of our atmosphere that cannot be explored
any other way. The primary zone of interest that these rockets probe
lies between the highest balloon altitude and the lowest satellite altitude

[2].

Because the altitude with which we are concerned is accessible by
small rockets, it is relatively easy to accumulate data which may be
studied empirically. At Cape Kennedy, Florida, winds have been
measured between 70 - 85 km altitude by means of the Hopi-Dart and
Cajun-Dart rocket systems. These rockets may be used to measure
other atmospheric parameteéers.



II. HOPI-DART SYSTEM

The objective of this program was to develop a high altitude wind
measuring system in support of firings at Cape Kennedy, Florida, and
to acquire data for use in vehicle development at altitudes between
70 and 85 kilometers. The Hopi-Dart is a two-stage flight vehicle (Fig. 1)
consisting of a booster as first stage, and an unpowered dart as second
stage [ 3]. The first stage is a Hopi III solid propellant rocket motor,
0.114 meters in diameter, and 2.014 meters long. The second stage is an
inert dart, 0.035 meters in diameter and 1. 128 meters long, that contains
aluminized Mylar chaff and the payload ejection system. At first stage
burnout (2.4 seconds), differential drag causes separation of the first
stage from the dart. The dart then coasts to apogee. The payload
ejection from the dart is designed to occur at approximately T + 135
seconds. The Hopi-Dart is launched from a rail attached to an [-Beam
structure (Fig. 2).

The Hopi-Dart vehicle igniter (Fig. 3) consists of two S-90 squibs
for firing the motor. The two squibs are wired in parallel, and are the
one amp, one watt type. The characteristics of the motor igniter are
as follows:

Igniter Resistance 1.1 +0.4 ohm
Maximum Safe Test Current 0.02 amp
Recommended Firing Current 4.0 amp

The Dart igniter used to eject the payload is a small propellant
charge initiated by a pyrotechnic time delay. It is connected parallel
with the motor igniter. The characteristics of the igniter are as
follows:

Igniter Resistance 1.0 + 0.3 ohm
Maximum Safe Test Current 0.02 amp
Recommended Firing Current 4.0 amp

A radar (FPS-16) skin tracks the Dart and then the chaff payload.
The radar tracks the chaff from apogee to an altitude of 70 km or loss
of signal. Data were obtained by radar printout of time, elevation and
azimuth angles, and slant range position, and also by reducing the radar
plotting board which is a graphical location of the chaff by altitude, time,
and position. Only three of this type system were fired at Cape Kennedy
(see Fig. 4).
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III. CAJUN-DART SYSTEM

The objective of the Cajun-Dart system (Fig. 5) was the same as
for the Hopi-Dart, but at a reduction of cost. The Cajun-Dart chaff
rocket is a two-stage dart type sounding rocket [4]. The first stage
of the Cajun-Dart is the Cajun, Mod. III, rocket motor. The Cajun
motor is 2.591 meters long, and has a principal diameter of 0. 165 meters.
The motor, less flight hardware, weighs 77.566 kilograms with 53,752
kilograms of propellant. The nominal burning time of 2. 8 seconds, with
a total impulse of 11453.4 kilograms-seconds, yields a burnout velocity of
slightly over 1.524 kilograms per second at an altitude of 2. 134 kilometers.
When the booster burns out, the aerodynamic differential drag causes the
booster to separate from the Dart. After separation the Dart continues to
coast to payload ejection.

The Dart is 0.044 meters in diameter, weighs 7.711 kilograms, is
1.313 meters long, and is a non-thrusting stage functioning only as a low
drag payload housing. The nose of the Dart is designed to have a hypersonic
optimum shape, keeping the aerodynamic drag to a minimum, and the aft
end is boat-tailed forming the interstaging surfaces, as well as reducing
the base drag. The payload housed inside the Dart is 655.6 cubic c¢cm of
5-mil, aluminized Mylar, foil chaff cut to S-Band length. When the Dart
has reached its apogee, the payload is ejected by the use of a 145-second
pyrotechnic time delay housed in the Dart's tail and initiated at launch.
At 145 seconds the time delay ignites the expulsion system which ejects
the Dart nose cone and the chaff payload by forcing a piston the full length
of the Dart. The chaff is then free to drift with the wind as it falls. The
Cajun-Dart system is launched from a rail type launcher (Fig. 6).

The Cajun-Dart igniter (Fig. 7) consists of a tube containing two
U. S. Flare 209 Squibs, 7.5 grams of ignition powder, and 90 grams
of USF 2A granules., The two squibs are wired in parallel and are of
the one amp, one watt type. The igniter leads are twisted and shielded
by an insulated metal jacket. They terminate in a self-shortening
connector. The characteristics of the motor igniter are as follows:



Resistance (Squib) 0.95 to 1. 25 ohms

Maximum No Fire 1.8 amp
Minimum All Fire 2.4 amp
Firing Current 4.5 amp
Igniter Resistance .45 to 1.00 ohm

The Dart igniter is a small propellant charge initiated by a
pyrotechnic time delay. The pyrotechni¢ time delay is initiated at
launch, and is connected in parallel with the motor igniter which is
initiated simultaneously. The delay column burns slowly for 145 seconds;
this ignites the 6 1/2 grams of a USF-2C granular squib.

When the propellant is ignited, the gases generated drive a piston
which forces the Dart ogive and a set of staves containing the chaff
from the Dart. The characteristics of the Dart Squib are as follows:

Resistance 1.0 + 0.3 ohm
Maximum No Fire 0.5 amp
Minimum No Fire 1.0 amp
Firing Circuit 2.0 amp

Delay (bridgewire
initiation to flash) 145 + 15 seconds

A radar (FPS-16) skin tracks the Dart and the chaff after ejection.
Data between 70 and 85 km are obtained in the same manner that data
from the Hopi-Dart system are obtained.

Seventeen of these rockets were fired at Cape Kennedy from
February 1965 through June 1965, and the results are presented
in Figs. 8 through 12.

IV, DATA REDUCTION

The wind flow data obtained have been reduced to tabular form in
30-second intervals, and plotted as arrowgrams. The data were
computed by two methods, and compared for likeness. Data were

*It is planned to complete 52 firings of this rocket system by
February 1966 at Cape Kennedy,
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obtained from the first method by reducing the radar plotting board,
which is a graphical location of the chaff by altitude, time, and

position. Data from the second method were obtained by using the

radar tape output of time, slant range, and elevation and azimuth
angles The equations used in the second method will be given later

in this report. The comparison of the results proved the two methods
to be very nearly the same. The second method is currently being used,
because it utilizes computer reduction techniques and decreases the
possibility of human error.

These data are based on the assumption that any horizontal motion
of the chaff as it free falls from apogee is wind flow. Wind data from
chaff with a fall rate of more than 70 meters per second were dis-
regarded and are not presented in this report.

The following equations were used for reduction of the Hopi-Dart

and Cajun-Dart chaff measurements. When the altitude above the
surface (YS') is

1/
+Y. )® 4+ ZR(RE+YSG)sin6]2 - (R +Y

Yo' = [K +Rg SG

sa) (1)

altitude above mean sea level (YS) is computed by the following equation:

Yo=Y 4 YSG , (2)

where
R = Slant range in meters

RE = Mean radius of the earth in meters

YSG = Station height in meters

O = Elevation angle in degrees.,

The rate of fall of the chaff (ROF) is computed by the following equation:

Yg . _Yg .
ROF. = . (i-2) (i+2) , (3)

1ot T Yil2)

*Radar output data averaged over one minute intervals, and tabulated at
30-second interval midpoints were used as input to the computer.



where
Yg = Altitude above mean sea level in meters,
T = Time in seconds.

Rectangular position coordinates (Xc’ Zc’ and YC) are determined by

Lo
1

R cosOsin ¥

C
Zc = R cosOcos ¥ (4
Y.=R sin©

where
O = Elevation angle

¥ = Azimuth angle

R = Slant range in meters,

Spherical position coordinates (Zs and X ) are determined by the
following equations:

.- XC
Xs = (RE + YS) sin RE+YS
(5)
Z
B . =1 C
VARRS (RE+YS)sm ————RE+YS

Wind speed components (WWE and WSN) are then determined by the

following equations:

Rsi+2) ~ Xs(i-2)
VwE=T Tt
(i+2) - (i-2)
(6)
WSN _ fs(i+2)_ t Zs(i-Z)d
(i+2) ~ (i-2)




Component wind speeds are then resolved into wind speed (W) for
time (i) by equation
1

— 3 2.3
Wi - (WWE * WSN ) (7)

Wind direction (WD) is determined by the following equation:

-1 |YWE | when neither numerator
w or denominator is zero (8)

SN

Let Q = tan

The following quadrant correction is then applied to Q:

W, o +tand W +: W = 180° + Q

I Wp +and W - W =360° - Q

If WWE - and WSN - WD =Q

If W o -and W +: W =180° - Q

W o +tand Wo =0: Wy = 270°

If W -and W =0: W =900
WE SN D

f Worn=0and Wy 1 W = 180°

W, =0andWg -: W = 360°

If W, p=0and Wen=0: Wy = 360°

Fall rates of the Mylar chaff from the Hopi-Dart and Cajun-Dart rocket
systems, curves C and D of Fig. 13, agree well with the chaff fall rates

measured by L. B. Smith at Johnston Island and Tonopah Test Range.



V. CONCLUSIONS

The primary purpose of these observations was to develop a system
to measure wind flow data between 70 km and 85 km. The Hopi-Dart and
the Cajun-Dart systems are capable of delivering a small payload, or
sensor, to obtain certain atmospheric parameters in the range of 70 km
to 85 km.

Chaff provides the only usable technique with a sufficiently high drag
coefficient and area-to-mass ratio to measure wind flow, except for vapor
or smoke trails, between 70 km and 85 km [5]. The accuracy of the wind
data in this report is a function of the chaff's response to the horizontal
wind flow as it falls through the atmosphere. Wind data from chaff with
a fall rate of more than 70 meters per second were disregarded in this
report (Fig. 13). The assumption is that an object falling in excess of
70 meters per second will not respond satisfactorily to the horizontal
wind flow [ 6]. These data are based on the assumption that any hori-
zontal motion of the chaff as it free-falls from apogee is wind flow.

This assumption is open to debate.

The principal weakness of the chaff type radar target lies in its
rapid dispersion as it falls through the atmosphere, and the accuracy
of the data is dependent on the drag of the chaff, which results from
the free fall, to the horizontal flow of the winds.

Data presented in this report are based on a limited number of
data samples and should be interpreted, physically and statistically,
with caution in any study.
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FIGURE 2. HOPI-DART VEHICLE AND LAUNCHER
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FIGURE 6. CAJUN-DART VEHICLE AND LAUNCHER
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